Objectives: To identify aspects of medication management that are associated with a greater risk of hospital readmission. Patients and Methods: We conducted a prospective cohort study, with a thorough medication history and reconciliation performed at admission and discharge. Patients 18 years or older (N¼258) were prospectively enrolled on admission to a cardiology service at a tertiary care hospital from September 1, 2011, through July 31, 2012. All patients received their hospital and outpatient care within our institution, which minimized loss to follow-up. Readmission rates within 30 days and 6 months after discharge were recorded and used to investigate associations with specific characteristics related to medication regimen and management. Nominal logistic fit tests were used to establish associations with risk factors. Results: A higher risk of readmission within 30 days after discharge was seen with heart failure diagnosis (P¼.003) and with increased severity of comorbid conditions based on Charlson score (P¼.02). Patients whose family managed their medications entirely had a higher risk of readmission at 30 days (odds ratio, 2.92; 95% CI, 1.25-5.6; P¼.01) and at 6 months (odds ratio, 3.54; 95% CI, 1.70-7.65; P<.001). These findings were independent of the presence of heart failure. Conclusion: Patients requiring family member support with medication management should be considered at increased risk for readmission. Increased focus on these patients at discharge may help decrease readmissions. 
H ospital readmissions are costly. It has been estimated that Medicare alone spends $26 billion annually on readmitted patients and that $17 billion might be avoided with appropriate care. 1 The Affordable Care Act of 2010 authorized the Hospital Readmission Reduction Program, which created penalties for hospitals with excess readmissions of patients with a principal diagnosis of heart failure (HF), myocardial infarction, or pneumonia beginning October 1, 2012. The program expanded to include chronic obstructive lung disease and total artificial hip and knee arthroplasty in fiscal year 2015 and coronary artery bypass grafting in fiscal year 2017. 2 The immediate postehospital discharge period can be overwhelming for patients as they physically recover and assume responsibility for managing new long-term health problems, with potentially new or complex medication regimens. Several initiativesd Better Outcomes by Optimizing Safe Transitions, 3 Re-Engineered Discharge, 4 Hospital to Home, 5 State Action on Avoidable Rehospitalizations, 6 and Patient-Centered Medical Home, 7 demphasize the importance of both a coordinated transition of care from the hospital to the home environment and identification of adequate community resources to meet patients' needs after discharge.
Other strategies for strengthening the quality of care in the home environment focus on early clinical follow-up and health education for patients and their families or caregivers. Pivotal topics to address with these interactions include improving understanding of the role and importance of medications, overcoming other barriers to medication adherence such as access and cost, and arranging additional help managing medications at home if needed.
Medication reconciliation, the process of establishing an accurate list of the patient's home medications at care transitions, has been emphasized as an important tool available to pharmacists and other health care professionals in their effort to optimize treatment. 13 We believe that the process of medication reconciliation also provides an excellent opportunity for health care professionals to gather important information about patients' health literacy, medication adherence, and ability to understand and manage the prescribed medical regimen. The goal of this study was to determine whether factors related to home medication management before hospital admission to a medical cardiology service are associated with early readmission.
PATIENTS AND METHODS

Patient Screening and Enrollment
Patients admitted to a medical cardiology service at Mayo Clinic Hospital, Saint Marys Campus, in Rochester, Minnesota, from September 1, 2011, through July 31, 2012, were prospectively considered for enrollment. Included patients were at least 18 years old, fluent in English, and received most of their medical care from Mayo Clinic providers because their primary care physicians were members of the Mayo Clinic staff. Patients were excluded if they were unable to understand or answer questions because of medical conditions, were residents of long-term care facilities, had professional home health care, or were not available for interview within 48 hours of admission. For each patient, only the index admission (first admission within the time frame of our study) prompted an interview and was counted as a case. Subsequent admissions within the 6 months following the index admission were counted as readmissions. Informed consent was obtained from all participants. The study was approved by the Mayo Clinic Institutional Review Board (IRB#11-005326).
Demographic Characteristics and Diagnoses
Demographic and clinical data were obtained for all patients, including age, sex, duration of hospital stay, number of admissions in the previous 12 months, living arrangements before admission, admission diagnoses, and living arrangements after dismissal. Patients who were admitted for acute coronary syndrome or HF were specifically noted because these are cardiac-related, Medicare-targeted populations. Patients admitted with other diagnoses (mostly arrhythmias) were placed in a third category. The Charlson comorbidity index 14 was calculated using an online tool (available at: http://www.soapnote.org/eldercare/charlson-comorbidity-index). 15 We recorded any previous diagnoses of coronary artery disease (CAD) or HF in the patient's medical history, regardless of the admission diagnosis.
Medication Management Strategies and Health Literacy
A structured interview was conducted during the first 48 hours of hospitalization to assess patients' home medication management strategies (eg, use of pillbox or other aid), medication adherence, and health literacy. Family involvement in medication management was specifically assessed and categorized as (1) no assistance (self-managed), (2) family members participated in medication management (family helped), or (3) family members handled all the medications for patients (family handled all). Of note, some patients had help from nonprofessional, nonefamily members, but all were categorized and referred to as family help. Health literacy was assessed using a short assessment tool: 3 questions, 3-part Likert scale, score ranging from 3 (highest health literacy) to 9 (lowest health literacy), based on work by Chew et al. 16 Medication History and Reconciliation Admission Medication Reconciliation. The home medications of all patients were reviewed by 1 of 2 hospital pharmacists (M.P.D.M., J.M.L.). We noted the source of the patient's medication information as: pill bottles, pillbox, written list, patient's recollection, family's recollection, or patient's outpatient pharmacy records. All discrepancies between sources were noted. The number of prescribed scheduled (including aspirin) and as-needed medications was recorded. Patients were questioned about discrepancies between reported medication use, pharmacy prescription refills, and prescribed medications. If there had been no documented prescriber-initiated change in medication or dose, the discrepancy was attributed to patient "possible nonadherence" (if adherence was uncertain from the interview) or "nonadherence."
The updated home medication list was compared with the hospital admission medications. All discrepancies were defined as potential adverse drug events (PADEs) and characterized by the reviewing pharmacist as intentional, unintentional, or unknown based on a review of the admitting physician records. Clarification of admitting physician intent was obtained for discrepancies through personal communication. All unintentional discrepancies were classified independently by 2 pharmacists (M.P.D.M., J.M.L.) using the National Coordinating Council for Medication Error Reporting and Prevention algorithm 17 and were assigned a severity from A to I. When classifications differed, consensus was achieved after joint review.
Discharge Medication Reconciliation. Dismissal instructions were examined to determine if accurate instructions regarding changes to the original home medications list were included (eg, new/modified/stopped medications). Any unexplained discrepancies between the dismissal medications and earlier lists were scored using the National Coordinating Council for Medication Error Reporting and Prevention algorithm. 17 Postdischarge Outcomes: Death and Hospital Readmission Patients' integrated inpatient and outpatient electronic medical records were reviewed to determine subsequent readmissions or death within 30 days after discharge from the index admission and within 6 months after discharge. The primary reason for all readmissions was recorded and classified as "same as" or "unrelated to" the reason for the primary admission.
Statistical Analyses
Study data were collected and managed using REDCap (Research Electronic Data Capture) electronic data capture tools hosted at Mayo Clinic (National Center for Advancing Translational Sciences grant UL1 TR000135). 18 Data were analyzed using JMP 9 statistical software (SAS Institute).
Nominal logistic fit tests were performed to establish associations between risk factors and adverse outcomes (readmission or death) within 30 days and 6 months postdischarge from the index admission. A value of P<.05 was considered statistically significant.
The effects of risk factors (Charlson score >3, diagnosis of HF, family handling all medications or helping with medications, 3 or more admissions in the previous 12 months) were modeled using logistic regression to predict readmission within 30 days and 6 months after the date of discharge from index admission. Goodness of fit of the logistic models was calculated using the C statistic for both equations. Kaplan-Meier curves were plotted for number of days to readmission for selected subpopulations.
RESULTS
Population Description
Of 428 patients screened, 170 were excluded: 33 were residents of a long-term care facility, 5 required a translator, 18 were unable to answer questions because of altered mental status or intubation, 39 declined participation, and 75 were unavailable for interview because of short stay or procedure. Among the 258 patients enrolled in the study, acute coronary syndrome, CAD, and HF were the admitting diagnoses in more than half. The patient group was generally elderly (median age, 70.5 years) ( Table 1) .
Handling Medications at Home
The median number of scheduled, prescribed medications was 7.5 (interquartile range, 5-10). Self-reported medication adherence was high (83% [213 of the 258 patients]). Medication nonadherence did not significantly affect readmission rates (P¼.39 at 30 days, P¼.50 at 6 months). Most patients (175 [68%]) handled their medications with no help (selfmanaged), 48 (19%) participated in their medication management while receiving some help (family helped), and 35 (14%) received family assistance for all aspects of their medication management (family handled all medications). Health literacy assessed using the Chew protocol 16 varied among patients (median score, 4 [on a scale of 3-9]). A pillbox was used by 170 patients (66%) to facilitate medication adherence (Table 1) .
Potential Adverse Drug Events
On admission, discrepancies were found in 156 of our 258 patients' records (60%). These discrepancies translated into errors in written orders on admission for 45% (116 patients) of our patients (some patients had more than 1 type of error): 11% (29 patients In all, 51 of our 256 patients (20%; 2 patients died during index admission) had errors in the medication lists they were given as part of their dismissal instructions. Among those, type C errors (reached patients) occurred in 37 patients (14%), and type D errors (reached patients, likely to cause adverse effects) were found in 17 patients (7%). We were unable to capture type B errors on dismissal because the medical record reviews took place retrospectively (ie, after dismissal). On nominal logistic fit tests, a PADE on the discharge medication list was associated with the number of prescriptions (OR, 1.08 per additional prescription; 95% CI, 1.01-1.16; P¼.03) and higher Charlson index score (OR, 1.2 per 1-unit score increase; 95% CI, 1.08-1.45; P¼.002).
Diagnoses and Outcomes Within 30 Days and 6 Months
Among our 258 patients, 2 died during the index admission. The number of deaths overall was 6 (2%) at 30 days and 15 (6%) at 6 months; the numbers were too small for statistical analysis.
Rates of readmission overall were 17% (44 of 258) within 30 days of dismissal and 38% (98 of 258) within 6 months of dismissal. Based on the nominal logistic fit tests for readmission within 30 days and 6 months after discharge from index admission, we modeled the effect of these factors to predict readmission risk at 30 days or 6 months (Supplemental Appendix S1, available online at http://mcpiqojournal.org/). Multifactorial modeling showed that an HF diagnosis (OR, 2.67; 95% CI, 1.38-5.26; P¼.003) and family handling all medications (OR, 2.92; 95% CI, 1.25-5.6; P¼.01) carried the highest risk of readmission within 30 days of discharge. Highest readmission rates within 6 months of discharge were associated with an HF diagnosis (OR, 2.32; 95% CI, 1.39-3.90; P¼.001), higher Charlson index score (OR, 1.22; 95% CI, 1.08-1.38; P¼.002), and family handling all medications (OR, 3.54; 95% CI, 1.70-7.65; P<.001). 
Self-management
DISCUSSION
Our study found a higher rate of hospital readmission among patients receiving help at home for their medication management. Our patient cohort, admitted to a medical cardiology service, was elderly (mean age, 70.5 years) and had substantial comorbid conditions (median Charlson comorbidity index score of 4). One-third of the study cohort required some or complete assistance with medication management before admission. Although a diagnosis of HF was common in this group and associated with a higher risk of early readmission, the increased risk of readmission associated with receiving assistance at home with medications management was independent of the HF diagnosis. Other factors associated with higher risk of early readmission were number of prescribed, scheduled medications and frequent past admissions.
Medication nonadherence was present in 17% of patients (45 of 258) but did not appear to affect readmissions in our study. Patients in this nonadherent group were typically younger than our average patients and had fewer comorbid conditions. The complexity of medication programs also was associated with a high percentage of discrepancies in medical records. A possible explanation for these discrepancies is that changes to the medical regimen, either by a health care professional or by patients on their own, are not documented in real time. These discrepancies led to errors by the medical teams in medication management at both admission and dismissal. These errors, although disturbing, were not related to the readmission rate.
The reason for higher readmission rates among patients receiving help with medications was not evaluated in this study. Patients' families are often in the best position to judge the mental and physical ability of the patient to carry out the complex tasks of home health care. One possible explanation for the higher rate of admissions in these patients is that the family's involvement may be a marker for frailty or subtle cognitive decline. The usual measures of frailty, cognitive capability, and health status are more complex, and a standardized definition of frailty has been elusive. 19, 20 Each of these factors has been associated with increased risk of hospitalization. 19, 21, 22 A recent study 23 used the MiniCog test as a simplified tool for assessment of cognitive decline in patients with HF and found an association between poor performance on that test and an increased risk of early readmission. Patients with limited ability to manage medications may have similar limitations regarding other common home tasks such as daily weight measurement, dietary restrictions, and reporting of adverse changes in symptoms to their health care professionals. Regardless of the underlying reasons for the decision of families to assist with medication management, our assessment tool was simple, easy to use at hospital admission, and nonthreatening to the patient.
This study had several limitations. It encompassed a small population of patients who primarily received their care within our health care system to ensure complete follow-up. Participation in the study was voluntary. We c Admission diagnoses divided in 3 groups: heart failure, acute coronary syndrome, and other. Heart failure and acute coronary syndrome groups were each compared to other. Heart failure pertains to the presence of the comorbidity, regardless of the admission diagnosis. e Medication handling was divided in 3 groups: patients handling their medications on their own (no help; reference group), family helping patients (patient still participates), and family handling all medications (patient unable to handle any of the medications). Family helping and family handling all medications groups were compared to the reference group. also excluded patients who could not understand our questions, either because of confusion or a language barrier. Thus, through various methods, we may have narrowed the scope of our results and may have limited their application to other populations. In addition, we categorized patients as receiving help from family or caregivers or not receiving this form of help. Thus, potentially important subsets of patients may not have been captured, such as patients who need help with medications but for whom help is unavailable or unused.
CONCLUSION
With our simple assessment, help with medication management appears to be strongly associated with higher risk of readmission. The help received from family might only be a marker for subtle cognitive decline or increased frailty, but documenting its presence would allow for better identification of patients requiring additional follow-up in the community. Further evaluation of this measure in broader populations and to include more precise categories of patients is indicated.
